Molybdenum (Mo) is utilized as a cofactor of the enzymes essential for incorporation of inorganic nitrogen in the synthesis of proteins, nucleic acids and other cellular nitrogenous constituents.
Usually Mo takes a diamagnetic +6 valence state in liver, urine and seawater but it turns to be a paramagnetic +5 valence state during turnover of the enzymes [1, 2] . The complex of Mo and diethyldithiocarbamate (DDC, (C 2 H 5 ) 2 NCSS − ) in a paramagnetic Mo-DDC state [3] was considered as a model of Mo-cofactor [1, 2] . To determine the ratio of both constituents, we noticed that electrospray ionization mass spectrometry (ESI-MS) developed for the analysis of weakly charged species like proteins and peptides, was quite suitable for the analysis of weakly charged species like Mo(DDC) 4 + . Mo(DDC) 4 + is soluble in polar solvents like alcohols and quite stable even for 1 week, nevertheless it is a paramagnetic substance. Furthermore, the extraction of the compound with isoamyl alcohol (IAA) results in not only its concentration but also the elimination of most substances contained in biological fluids that enables to inject sample in the direct mode without staining the capillary in ESI-MS.
Mass dependent determination of Mo was introduced previously using inductively coupled plasma mass spectrometry (ICP-MS) [4, 5, 6] . ICP-MS, however, required large sample volume, say 1 mL, per analysis with detection limit of 90 fg/μL [5, 6] , whereas present method required only 1 μL per analysis with detection limit of 20 fg/μL. Furthermore, determination of Mo by ICP-MS was interfered with by isobars.
That is, monoatomic interference came from zirconium (Zr) and ruthenium (Ru) [4, 5] and polyatomic interference, from matrix materials such as Ar 2 OH, ArKO, K 2 O, Ca 2 OH and BrO [6] . These interferences were not observed in the present ESI-MS method. Therefore, pH of sample should be adjusted to pH 4 -8 with either 1 M NaOH or 1 M HCl using pH test paper. The pH of normal urine is in the range of 5 -8. , was reported to be synthesized from Mo(CO) 6 , tetrabutylammoniumhalogenide and tetraethylthiuramdisulphide [7] .
Next, we tried to find out a suitable metal ion for IS that gives distinctive signal from that of Mo under the same condition, and its concentration in biological materials is lower than 1/100 that of Mo. The recoveries were 92, 94 and 98 % at three concentrations mentioned above, respectively. Since sample could be injected every one min as shown in Fig. 2 (b) , Mo levels of six persons were found to lie between 8 -45 pg/μL urine within ten minutes. These values were confirmed with the values determined by electron paramagnetic resonance using 10 μL of urine [3] .
In the present ESI-MS, 1 μL of urine showed the same isotopic abundances as those shown in Fig. 1 (b) .
Within-day and day-to-day (for 5 days) assays were performed using six urine samples stored at 4 ℃, and variations of both assays were not greater than10 %.
ESI-MS was found to be quite suitable for the sensitive quantitation of Mo and Ru as well as the analysis of coordination [1, 2] of Mo and Ru.
Irving and Williams
proposed the order of complexation constants of transition metals to be Fe << Cu [8] .
Although present treatment did not show appreciable signals of Fe and Cu owing to their low sensitivity, a different treatment showed that the signal of Fe << the signal of Cu, whereas another treatment, a strong signal of Fe. Therefore, this method can be applied to other metals and chelating agents by choosing reductants, oxidants and solvents that can produce weakly charged species suitable for ESI-MS.
